Further studies were conducted in 1971 and 1972 to reaffirm the effects of SADH and CCC on berry set and shoot growth of grapes when applied directly to clusters before anthesis.
Introduction
In our previous investigation (10) , the growth retardants, SADH (succinic acid-2, 2-dimethylhydrazide) and CCC (2-chloroethyl trimethylammonium chloride) increased the set of Kyoho grape when applied as either shoot spraying or cluster dipping before anthesis, but the depression of shoot elongation was caused only by the shoot spray treatment. Increase in berry set of grapes by the cluster dipping with growth retardants was initially reported by CooMBE (3) .
He (4) has recently shown that CCC even when applied directly to clusters depresses shoot elongation, and from this and other evidences he has concluded that wherever CCC is applied to a shoot, its effect on berry set is due to a correlated inhibition of shoot growth as in the case of shoot pinching.
Thus, inconsistent results have been shown as to the effect of cluster dipping with growth retardants on shoot growth, which may lead to different interpretations on the mechanism of increased berry set caused by the treatment. The present research has been carried out to reaffirm the effects of SADH and CCC on berry set and shoot growth of grapes when applied to shoots or directly to clusters.
Materials
and Methods
I. Experiments in Kyoho grape
Kyoho (Tetraploid, Vitis vini fera L. x Vi tis labrusca L.), one of the leading grape cultivars for table use in Japan, produces tasty berries of superior size, but it often annoys growers because of its poor berry set especially in young and vigorous vines.
In 1971, 4 vines of 5-year-old having uniform size were selected at a vine yard of Shimane University, Matsue.
An experiment was designed using 4 replicate single-vine blocks, each containing 3 treatments ; shoot spraying, cluster dipping and untreated control. Each treatment consisted of 9 shoots. The concentrations of SADH applied were 2500 ppm for shoot spraying and 500 ppm for cluster dipping, both of which were found as the most effective concentration in each manner of application in our previous investigation (10) . Atlox BI was added to the solution as a wettable agent at the concentration of 0.1 %. The treatments were made on May 22, 18 days before full bloom. All clusters except one on each shoot were removed just prior to the treatments, and clusters in the shoot spray treatment were covered with polyethylene-film bag during the spray application to avoid contamination.
In 1972, the vines and the experimental design were the same as those used in 1971 except that cluster spraying at the concentration of 2500 ppm was added to the treatments. All treatments were applied on May 28, 15 days before full bloom.
II.
Experiments in Muscat o f Alexandria grape
In 1971, 5 vines of 4-year-old Muscat of Alexandria (Vitis vinifera L.) were culled for uniformity at a green house of Shimane University, Matsue. An experiment was designed using 5 replicate single-vine blocks, each block containing 6 treatments; shoot spraying and cluster dipping with SADH or CCC, shoot pinching, and untreated control. Each treatment consisted of 5 shoots. The concentrations of SADH and CCC were 1000 and 200 ppm, respectively, for either shoot spraying or cluster dipping.
Atlox BI was added at the same concentration as shown before. The spray and dip treatments were applied on May 7, 20 days before full bloom in the same manner mentioned above. Shoot pinching was conducted just prior to blooming, May 23 to 27 leaving 11 leaves per shoot.
In 1972, the vines and the experimental design were the same as those used in 1971 JOURNAL OF THE JAPANESE SOCIETY Y FOR HORTICULTURAL SCIENCE except that shoot spraying and cluster dipping with SADH were omitted from the treatments because of their less effectiveness in promoting berry set in the first year's experiment. The spray and dip treatments with CCC were applied on May 4, 23 days before full bloom at the same concentration as that used in the first year. Shoot pinching was conducted on May 13, 14 days before full bloom, leaving 6 leaves per shoot.
Results
The number of set berries per cluster was counted 4 weeks after full bloom through the two year's experiments.
In Kyoho, seeded and seedless berries were easily defined each other at this stage in conformity with size and shape, so they were counted separately. On the other hand, total number of set berries was counted in Muscat of Alexandria, though it was found at the harvest time that most of them were seeded regardless of the treatments.
As shown in Table 1 , the total number of berries per cluster in Kyoho was not necessarily affected by the application of SADH either as shoot spraying or cluster dipping in both years.
The number of seeded berries, however, was significantly increased and on the contrary that of seedless ones decreased by both the treatments.
Though these seedless berries survived until maturity, they were destined to be small, at most one third in weight (about 3 g) of seeded ones. One of the favorable characteristics of this cultivar is its largeness of berry size. Accordingly, the increased set of seeded larger berries by the application of SADH is very desirable for The pinched shoots were shorter in length than the sprayed shoots at blooming and set stages though the growth rates of them were almost similar.
To evaluate the effect of treatments on leaf development of Muscat of Alexandria, the length, width and thickness of the 8th leaf were measured 16 days after full bloom in 1971, and the width and thickness of the 6th leaf were measured at the beginning of blooming and again 9 days after full bloom in 1972. As shown in Table 4 , leaf development was significantly depressed only by the shoot spraying with CCC in 1971, and the same trend was observed in 1972 though no significant difference was detected.
Pollen germination was examined in Muscat of Alexandria in 1971.
As shown in Table  5 , the function of pollen was not affected by any of the treatments.
Discussion
The promotive effects of SADH and CCC on berry set of grapes when applied as shoot spraying before anthesis have been reported by many workers (1, 2, 9, 11, 16, 17) . Furthermore, it has been postulated by CooMBE (3, 4) and us (10) that the direct application of these chemicals before anthesis is as effective for setting as the shoot spraying. Our data obtained in two year's experiments revealed that the cluster treatments with these chemicals increased the set of seeded berries without any retardation of shoot growth in contrast with the shoot spraying.
This fact reaffirms our previous result (10), but contra-•dlcts COOMBE'S finding that CCC even when applied directly to clusters depresses shoot elongation.
The reason why there happens such a discrepancy between our results and his is unexplainable here.
It has been established (12, 13 ) that the removal of shoot tip before anthesis (shoot pinching) enhances berry set by making more inorganic and organic nutrients available to the ovaries. SKENE (16) and COOMBE (4) have proposed that CCC increases set of grapes, like shoot pinching, by reducing competition between the developing shoot and ovaries for available metabolites.
It seems inadequate, however, to explain the increased set caused by the direct application of growth retardants to clusters on the basis of the `competition theory', since shoot growth was not affected by the treatment in our experiments.
In this case, rather direct effects on setting may be caused by the treatment.
When the shoot spraying is limited to stem and leaves as in our experiments, the promotive effects on berry set may be attributed to not only the inhibition of shoot growth but also the direct action of growth retardants transported to the clusters from the treated portions, presumably from leaves basal to the clusters. Using 14C-SADH, SCHONHER et al. (14) have revealed that the acropetal transport of SADH occurs in the treated shoot of apples.
Another support for our assumption is that the set of Muscat of Alexandria was markedly enhanced by the shoot spraying with CCC when shoot pinching had no obvious effects on it even though the pinching was more inhibitory for shoot growth than the shoot spraying.
Then, what is the mechanism of the increased berry set caused by the growth retardants applied directly to clusters or presumably transported to clusters from the treated leaves ? It is generally supported that fertilization is one of the most important factors limiting fruit set. SKENE (16) and COOMBE (4) have suggested, however, that the application of CCC does not affect the polination and fertilization of grapes.
This corresponds to our result that the pollen germination in Muscat of Alexandria was not affected by the treatments.
There are many reports (6, 7, 8, 19, 20) indicating that the application of growth retardants reduces the level of endogenous gibberellins in the plant tissues.
Further, SKENE (15) has demonstrated that when CCC is applied to the medium in which grape vines are growing, the bleeding sap of treated plants shows up to 20 times cytokinin concentration of untreated controls.
An investigation is now going on in our laboratory to make clear the effects of growth retardants on endogenous plant hormones in the cluster tissues at the setting period in relation to the increased berry set, since they may participate in regulating the set and growth of berries by effects on the mobilization of nutrients into the organ (5).
In conclusion, the present data reaffirm our previous result that SADH and CCC applied directly to clusters increase the set of grapes without any reduction of shoot growth, but the mechanism of the effect is remained to be investigated further.
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